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Context: a new methodology of FY Evaluation to define future experimental programs

Theoretically Experimentally

Y(A*,Z,E*,]J™) = Y(A*,Z) X P(Ex|A*,Z) x P(E*,J"|A*, Z,EK) & Y(4,Z,Ex,1) = Y(A) X P(Z|A, Ex) X P(Ex|A, Z) x P(m|A, Z, Eg)

Kinetic

Pre-neutrons Mass, charge, excitation energy Mass  Charge Energy

Isomeric

Applications : Y(A4, Z, m) independent fission yields - Decaydata - C(A4,Z, m) Cumulative fission yields

In JEFF evaluation, independent and cumulative yields are two different evaluations due to the precise knowledge of chain
yields (by radiochemical methods)

Full statistical description of fission observables : mean value, variance, covariance , PDF
e  Evaluations / measurements : no/ rare available covariance

* Mass =2, Isotope » Major constraint for covariance matrix
* Variance(Mass) = 2. Var(lsotope) + 2 Cov (Isotopes) —> expected < 2. Var(lsotope)
* Incurrent evaluations Variance(Mass) > Var(major Isotope)
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JEFF-4 Goal — New methodology : complete and consistent
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Gaussian compatibility tests and sorting of data
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Example of re-interpretation of experimental data: reproducibility

Fickel1959 Chain yields

TABLE IX

Mass spectrometric and isotope dilution data for Cs'* produced in the thermal neutron
fission of Pu*?

No. of atoms

FICKEL AND TOMLINSON: LIGHT MASS FRAGMENTS

TABLE XIII
Cumulative fission yields of the light fragments in the thermal neutron fission of Pu®?

normalized to the 6.90%, Cs'¥ yield

of isotope Calculated
Ratio before added per g Ratio after fission yield,
isotope of Pu®¥, isotope atoms X 10'/g
Sample Isotope dilution X10% dilution Pu®?
9 133 1.000 5.938 1.000 16.01
137 0.9329-+:0.0089 —_ 0.14214-0.0008 -
8 133 1.000 7.853 1.000 18.35
137 0.93224-0.0089 —_ 0.17654-0.0010 -
3 133 1.000 5.938 1.000 1.145
137 0.92334-0.0135 —_ 0.021444-0.00028 -_
TABLE X

Mass spectrometric and isotope dilution data for Sr% produced in the thermal neutron

fission of Pu%?

No. of atoms

: of isotope . Calculated
Ratio before added per g Ratio after fission yield,
isotope of Pu?¥, isotope atoms X101 /g

Sample Isotope dilution X 10 dilution Pu
9 88 0.65950.0062 1.274 3.307+0.022 —

90 1.000 — 1.000 4.846
8 88 0.65994-0.0062 1.122 2.593+0.011 —

90 1.000 — 1.000 5.849
3 88 1.19140.012 0.6678 1.975+0.035 —

90 1.000 — 1.000 0.3656
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923

Sample 3 Sample 8 Sample 9
Isotopic - —— Average
mass Atoms X10% ¢, yield  AtomsX10'¢ 9 yield Atoms X 1018 9, yvield 9 yield

982 0.59*
i{rss 0.29
Kr# 0.47
Rbs (Kr#) 1.460 0.5456 1.262 0.5251 8%5

86 .

R 2 487 0.9201  0.2150  0.8942 0.912
Sess 0.2387 1.438 3.810 1.440 3.164 1.368 1.43
Srs? 0.2868 1.728 4.589 1.726 3.802 1.639 1.71
Sreo 0.3656 2.203 5.849 2.199 4.846 2,080 2.16
Zro 2.59
7t 3.12
Zr® 3.94
[ 4.45
Mo (Zrs) 13.37 5.025 11.58 4.991 g‘i}g

o .
e 14.97 5630  12.97 5.590 5.61
Mab® 15.60 5.861 13.50 5.818 gg:i‘
o oo 1.882 7.072 1.629 7.020 7.05
Rutot 13.60 5.860 5.86
Rute 13.78 5.939 5.94
Ru'® 13.06 5.626 5.63
Ru! 13.64 5.877 5.88
105 5.50*
Ruts 1.051 4.530 4.53
107 3.40*
108 2.44*
109 1.50%
110 0.76*
111 0.27¢
112 0.10%
113 0.080*
114 0.060*
115 0.041*
116-118 0.122*
Cs!s2 1.45 6.90 18.35 6.90 16.01 6.90
Total % yield 100.12

*[nterpolated values.
tRadiochemical yields.



Example of re-interpretation of experimental data: reproducibility

Fickel1959 Chain yields

0.29

:Z 0.47 131 3.8 3.73 3.77 0.0495 2.4%
85 0.5456 0.5251 0.53535 0.0145 4.9%[ 132 5.3 5.21 5.26 0.0636 2.2%
86 0.75 133 6.96 6.83 6.90 0.0919 2.4%
87 0.9291 0.8942 0.91165 0.0247 4.9% 134 7.52 7.39 7.46 0.0919 2.2%
88 1.438 1.44 1.368| 1.41533333 0.0580 135 7.32 7.17 7.25 0.1061 2.7%
89 1.728 1.726 1.639| 1.69766667 0.0719 136 6.69 6.56 6.63 0.0919 2.5%
90 2.203 2.199 2.089| 2.16366667 0.0915 137 6.5 6.42 6.48 0.0849 2.4%

91 2.59 v 4 o
9 312 138 0 6.25 6.25 3.0%
93 3.94 140 5.5 5.66 5.58 0.1131 3.7%
94 4.45 142 4.9 5.03 4.97 0.0919 3.4%
95 5.025 4.991 5.008 0.0240 0.9%[ 143 4.5 4.61 4.56 0.0778 3.1%
:g géz s 1 0028 % 144 3.78 3.89 3.84 0.0778 3.7%

. . . . . 0 0,
98 5.861 5.818 5.8395 0.0304 0.9% 145 3.08 3.16 3.12 0.0566 33?
100 7.072 7.02 7.046 0.0368 0.9% 146 2.53 2.6 2.57 0.0495 3.5%
101 5.86 147 2.02 1.96 1.99 0.0424 3.9%
102 5.94 148 1.69 1.73 1.71 0.0283 3.0%
103 5.63 149 1.32 1.28 1.30 0.0283 4.0%
104 5.88 150 1 1.03 1.02 0.0212 3.8%
igg 4'153 151 0.814 0.79 0.80 0.0170 3.8%
11 0 2'7 152 0.625 0.606 0.62 0.0134 4.0%
112 6'1 154 0.297 0.289 0.29 0.0057 3.5%

133 6.9
Mean Student Unc. 3.2%
Mean Student Unc. 3.34% Min Student Unc. 2.2%
Min Student Unc. 0.9%
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Example of re-interpretation of experimental data:

experimental correlation matrix

Lowest possible
estimation of the
correlation matrix

Fickel1959 a

0.064
0.044
0.064
0.044
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0.039
0.039
0.064
0.064

Fickel1959 b

0.131
0.113
0.118
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0.084

0.081

0.141
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0.090

0.081

0.130

0.111

0.123

0.117 0.493

0.131
0.141

0.113
0.121

0.118
0.127

0.130 0.111 0.117

0.119

0.132

0.119

0.108
0.113

0.100/0:802 0.092

0.076 0.080 0.084 0.068 0.669

0.082

0.088

0.493
0.108

0.119
0.615

0.064
0.064
0.179
0.064
0.175
0.172
0.171
0.064
0.064
0.064

0.124 0.101 0.084 0.091 0.098 0.083 0.093
0.134 0.109 0.090 0.098 0.105 0.090 0.100
0.123 0.100 0.082 0.090 0.097 0.082 0.092
0.132/0:802 0.088 0.09% 0.104 0.088 0.098
0.113 0.092 0.076 0.083 0.089 0.076 0.084
0.119/0.615 0.080 0.087 0.093 0.080 0.088
0.084 0.093
0.068 0.076

0.102

0.084
0.068

0.098

0.102 0.080

0.091

0.098

0.090

0.096

0.083

0.087

0.091 0.074

0.098
0.083
0.093
0.087
0.080
0.101
0.078
0.081
0.080
0.078
0.087

0.105
0.090
0.100
0.094
0.086
0.108
0.084
0.087
0.086
0.084
0.094

0.097
0.082
0.092
0.086
0.079

0.104
0.088
0.008
0.092
0.084

0.100 0.107

0.077

0.083

0.080 0.086

0.079
0.077
0.086

0.085
0.082
0.092

0.089

0.076 0.080 0.084 0.068

0.084
0.080
0.072
0.092
0.071
0.074
0.073
0.071
0.079

0.093

0.088
0.083
0.076
0.096
0.074
0.077
0.076
0.074
0.083

0.098 0.080 0.669

0.093 0.076
0.088 0.071
0.080
0.101
0.078
0.081 0.066
0.080
0.078
0.088 0.071

0.082

0.064

0.044
0.064
0.044
0.041
0.039
0.039
0.064
0.064
0.064
0.064
0.179
0.064
0.175
0.172
0171
0.064
0.064
0.064

0.087
0.094
0.086
0.092
0.080
0.083
0.088
0.071

0.616 0.566
.0.515 0.570

0.566 0.570

0.068 0.074 0.682 0.533 0.537 0.494

0.581 0.585 0.538

0.044
0.044

0.044

0.028
0.027
0.027
0.044
0.044
0.044
0.044
0.123
0.044
0.120
0.118
0.118
0.044
0.044
0.044

0.080
0.086
0.079
0.084
0.072
0.076
0.080

0.064
0.064
0.044

0.044
0.041
0.038
0.038
0.064
0.064
0.064
0.064
0.179
0.064
0.175
0.172
0.171
0.064
0.064
0.064

0.044
0.044

0.044

0.028
0.027
0.027
0.044
0.044
0.044
0.044
0.123
0.044
0120
0118
0118
0.044
0.044
0.044

0.082
0.068
0.074
0.682
0.533
0.537
0.494

0.367

0.410

0506

0.316 0.071 0.567

0.041
0.041
0.028
0.041
0.028

0.612

0.041
0.041
0.041
0.041
0.113
0.041
0.110
0.109
0.108
0.041
0.041
0.041

0.101 0.078
0.108 0.084
0.100 0.077
0.107 0.083
0.092 0.071
0.096 0.074
0.101 0.078

0.520]

0.039
0.038
0.027
0.038
0.027
0.612

0.038
0.039
0.038
0.039
0.110
0.039
0.107
0.105
0.105
0.038
0.039
0.038

0.039
0.039
0.027
0.039
0.027

0.039
0.039
0.039
0.039
0.110
0.039
0.107
0.105
0.105
0.039
0.039
0.039

0.064 0.064 0.064
0.064 0.064 0.064
0.044 0.044 0.044
0.064 0.064 0.064
0.044 0.044 0.044
0.041 0.041 0.041
0.035 0.039 0.039
0.039 0.039 0.039
0.344
0.344 0.482
0.482
0.482 0.326 0.677
0.446 0.302 0.626

0.064
0.064
0.044
0.064
0.044
0.041
0.039
0.039
0.482
0.326
0.677

0.423

0.508 0.344 0.713 0.482

0.175 0.175 0.175
0.172 0.172 0.172
0.171 0.171 0.171
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064

4

0.081 0.080 0.078 0.087 "

4

0.087 0.086 0.084 0.094 ,
0.080 0.079 0.077 0.086 4
0.086 0.085 0.082 0.0923
0.074 0.073 0.071 0.079
0.077 0.076 0.074 0.083

0.081 0.080 0.078

0.066

0.581
0.585

0.538

0.567

0.088
0.071

0.367 0.410 0.316

0.071

0.521 0.401
0.448

0.448

0.175
0.472
0171
0.064
0.064
0.064
0.064
0.064
0.064
0.064
0.064

0.179
0.179
0.123
0.179
0.123
0.113
0.110
0.110
0.446
0.302
0.626
0.423

0.345
0.488
0.241
0.411
0.179
0.179
0.179
0.179
0.179
0.179
0.179
0.179

0.064
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0.044
0.064
0.044
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0.508
0.344

0.482
0.345

0.175
0.348
0.595
0.064
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0.064

0.175 0.172
0.175 0.172
0.120 0.118
0.175 0.172
0.120 0.118
0.110 0.109
0.107 0.105
0.107 0.105
0.175 0.172
0.175 0.172
0.175 0.172
0.175 0.172
0.488 0.241
0.175 0.348
0.467
0.467
0.467 0.586
0.175 0.172
0.175 0.172
0.175 0.172
0.175 0.172
0.175 0.172
0.175 0.172
0.175 0.172
0.175 0.172

0.253/0.707 0.253/0.690 0.678

0171
0171
0.118
0171
0.118
0.108
0.105
0.105
0171
0171
0171
0171
0.411
0.595
0.467

0171
0171
0171
0.677

0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.044 0.044 0.044 0.044 0.044
0.064 0.064 0.064 0.064 0.064
0.044 0.044 0.044 0.044 0.044
0.041 0.041 0.041 0.041 0.041
0.039 0.035 0.039 0.039 0.039
0.039 0.039 0.039 0.039 0.039
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.179 0.179 0.179 0.179 0.179
0.064 0.064 0.064 0.064 0.064
0.175 0.175 0.175 0.175 0.175
0.172 0.172 0.172 0.172 0.172
0.171 0.171 0.171 0.171 0.171
0.363
0.557 0.489 0.254
0.557 0.554 0.288
0.489 0.554 0.253
0.363 0.254 0.288 0.253
0.064 0.064 0.064 0.064 0.064
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0.064 0.064 0.064 0.064 0.064
0.253 0.253 0.253 0.253 0.253

0.064 0.064 0.064 0.253
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0.044 0.044 0.044 0.175
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0.044 0.044 0.044 0.175
0.041 0.041 0.041 0.160
0.039 0.03% 0.039 0.155
0.035 0.03% 0.039 0.155
0.064 0.064 0.064 0.253
0.064 0.064 0.064 0.253
0.064 0.064 0.064 0.253
0.064 0.064 0.064 0.253

0.179 0.179 0.179/0.707
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0.064 0.064 0.064 0.253
0.064 0.064 0.064 0.253
0.064 0.064 0.064 0.253
0.064 0.064 0.253
0.064 0.253
0.253

0.064
0.064 0.064
0.253 0.253 0.253

0.6
0.5
04
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4




Uncertainty estimation form Lohengrin of historical method

N(A,q,E) (unite arbitraire)
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Fig. 10 Impact of the correlation (Ey, g) on the estimation of the rela-
tive mass yields. The biasrises from 5 to 17% when the scan is performed
at a charge state g that differs more from ¢,,e¢qn 1S Observed. See text
for details

A. Chebboubi Eur. Phys. J. A (2021) 57: 335



Test and sorting of available experimental data for the 4 main fissile nuclei

Integrating several cumulative yields = chain yields
according to P(Z|A,JEFF3.3) sorting
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* S.-M. Cheikh, PhD thesis, UGA, 18 Oct. 2023
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Web of Conferences 281, 00023 (2023)
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Gaussian compatibility tests and sorting of data

Dataset y; (Dataset) test
Global y7 test
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JEFF-4 Goal — New methodology : complete and consistent
S.-M. Cheikh, G. Kessedjian et al., Eur. Phys. J. A, 60 11 (2024) 222
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Test and sorting of available experimental data for the 4 main fissile nuclei
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233U(n,,,f): Mass yields
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233U(ny,,f): Mass yields
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233U(n,,f): Exclusion plot
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233U(ny,,f): Chain Yields
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CZd

Intercomparison : 233U(ny,,f) - 2°U(n,,,f) - 2%Pu(ny,,f) - 241Pu(ny,,f)
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Intercomparison : 233U(ny,,f) - 2°U(n,,,f) - 2%Pu(ny,,f) - 241Pu(ny,,f)

— New evaluated database — free of model input- — in order to test phenomenological fission models
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233%U(ny,,f): From pre-n yields to post-n yields

YA:ZYA*~P(U|A*) with A* = A+ v
v=0
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235U(ny,,f): From Pre-neutron yields to post-neutron yields
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235U(n,,f): From Pre-neutron yields to post-neutron yields — comparison to codes
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L
235U(n,,,f): Pre-neutron yields — experimental data
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235U(n,,,f): Pre-neutron yields — experimental data
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23U(ny,,f): pre-n mass yield analysis -~ MCMC method

Preliminary Results
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Perspectives : pre-n mass yield analysis — MCMC method

Preliminary Results
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Conclusion and perspectives

« Consistent evaluation of Mass — Independant — Cumulative — Chain yields 233 235U(ny,,f) & 22° 24Pu(ny,,f)
o 235U & 239Pu FY ENDF files are available in JEFF-4T4 Library

o 233U & 2*'Pu FY ENDF files should be available in February 2025

« Tractability of the selected and used data is available

— reinterpretation of EXP data with correlation matrix : must be preserved for the future !

* PhD thesis @ Cadarache (A. Regonesi 2024-2027) is ongoing :
— Pre-n yield evaluation _ _ _
Combined analysis to post-n evaluation
— prompt neutron emission evaluation per mass evaluation

— neutron energy dependent fission yield studies : 2%°U, 238U ..,

« Middle term perspectives correspond to the use of the new Charge distribution per mass with the correlation matrix from the
Direct-Zp model based on pre-neutron parameters (replacing the Wahl Systematics)
— Results from Sidi. M. Cheikh Thesis — JEFF-4.1
— New PhD project (2025-2028) on P(Z|A) and cumulative yields should be start.
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Perspectives : pre-n mass yield analysis — MCMC method Preliminary Results
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JEFF-4 Goal — New methodology : complete and consistent

Experimental data
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235U(n,,,f): Exclusion plot in reference to JEFF-4T4 evaluation

Relative difference (W/O unit)
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Intercomparison : 23U(ny,.f) - 25U(ny,,f) - 2°Pu(ny,,f) - 24*Pu(ny,,f)
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Intercomparison : 233U(ny,,f) - 2°U(n,,,f) - 2%Pu(ny,,f) - 241Pu(ny,,f)
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Intercomparison : 233U(ny,,f) - 2°U(n,,,f) - 2%Pu(ny,,f) - 241Pu(ny,,f)

— New evaluated database — free of model input — in order to test phenomenological fission models
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241Pu(ny,,f) Chain Yields 2025

—@— CEA 241Pu_Chain 2025

—=— JEFF-3 3 241Pu_Chain —@— GEA_241Pu_Ghain 2025
I'l —— enoFs-vil-o 2atPu Ghain | " 17 " " T T F PR R TR R R T T TR T e JEFF3 3 241Pu_Chain
0. 1 -_ — = JEFF3 1 1 2a1Pu Chain __ 10—1 —a— ENDF-B-VIII-0_241Pu_Chain
T L JENDL-5 241Pu Chain o = —¥— JEFF-3_1_1_241Pu_Chain
g - 6 - g JEMDL-5_241Pu_Chain
o 0.08- = . -1 © 1 0_2
= - ; 1 2
Py I - a?. 1 o
L by s - -3
e 0.08F g ‘ 110
s VoL g & 1 5
5 - & ® 1 & {n4a
'g B w 'q.s ] 'E 1 O
L 004 — B ¥ -1 L
s b4 > { £10°
I 5 . # {1 =
g 0.02 [ (@ aﬁ — g _6 L
o R ) ® 1 310°F
- ._‘@g h@;‘ - u
S @ ® W 00 ® o I
0 I | | I | | I Ll 1l I L1 1.1l I | | I L1 1.l I L1 1.1l I L1 Ll I 10 7 |? 1 1 I 1 1 1 I 1 1 'I I 1 1 1
80 90 100 110 120 130 140 150 16 80 100 120 140 1€
Mass(A) Mass(A)
@ G. Kessedjian et al. - JEFF Meeting Nov. 2024




241Pu(ny,,f) Chain Yields 2025
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235U(n,,,f): Exclusion plot in reference to JEFF-4T4 evaluation

Relative difference (W/O unit)
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233%U(ny,,f): From pre-n yields to post-n yields
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235U(ny,,f): From Pre-neutron yields to post-neutron yields
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235U(n,,f): From Pre-neutron yields to post-neutron yields — Sensitivity to Y(A*)
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235U(n,,,f): From Pre-neutron yields to post-neutron yields — Sensitivity to v(4*)
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235U(n,,f): From Pre-neutron yields to post-neutron yields — comparison to codes
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Perspectives : pre-n mass yield analysis
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Perspectives : pre-n mass yield analysis
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Perspectives : pre-n mass yield analysis — MCMC method

Preliminary Results
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Geltenbort’s data : Exp. Resolution Res(A)~0.8 uma
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